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(54) Secondary battery and material therefor 

(57) The present invention provides a proton migra- 
tion type secondary battery using as an electrode active 
material a polymer having a quinoxaiine structure exhib- 
iting a large proton insertion-release capacity, the sec- 
ondary battery being excellent in its safety, reliability 
and rapid current properties, and having a long life and 
a high weight energy density (kWh/kg), compared with 
the conventional aqueous solution type double layer 
capacitor and a lead acid battery using sulfuric acid. 

Also, the present invention provides a proton migra- 
tion type secondary battery excellent in productivity and 
further in safety and reliability by using a solid electro- 
lyte and/or a gel electrolyte obtained by curing a mixture 
of a polymerizable compound excellent in its polymeriz- 
ability and a proton conductive electrolyte. 

Further, the present inventors provide a proton 
migration type secondary battery having a further long 
life and excellent in reliability by adding a non-electri- 
cally conductive powder to the electrolyte. 
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Description 

Technical Field to which the Invention Belongs 

[0001] The present invention relates to a secondary battery using a positive electrode active material, a negative 
electrode active material each formed of a material capable of charge-discharge reaction by insertion-release of pro- 
tons and a proton conductive electrolyte, said secondary battery being excellent in safety and reliability, capable of tak- 
ing out a large current, and excellent in cycle fife. To be more specific, the present invention relates to a secondary 
battery characterized in that a specific polymer containing a quinoxaline structure is used in the positive electrode active 
material and/or a negative electrode active material. 

Background Art 

[0002] Sale of new secondary batteries such as a nickel-hydride battery and a Li ion secondary battery, which-have 
a high energy density and, thus, rapidly have come to be mounted to a small portable equipment, is rapidly increased 
in recent years. Particularly, use of a Li ion battery further promotes miniaturization in weight, size and thickness of the 
equipment and, thus, the Li ion battery now constitutes the main article of the secondary batteries. For example, vigor- 
ous researches are being conducted on a lithium ion battery comprising a positive electrode containing a metal oxide 
or a metal sulfide such as LiCo0 2 , LiNi0 2 , LiMn 2 0 4 or MoS 2 , a negative electrode containing lithium, a lithium alloy or 
a carbon material or an inorganic compound capable of absorbing-desorbihg lithium ions, and an organic electrolyte. A 
lithium battery comprising a positive electrode containing LiMn 2 0 4 , LiNi0 2 is reported in "J. Electrochem. Soc., Vol. 
138, No. 3, page 665, 1991". 

[0003] There are many reports on the battery using a conducting polymer as an electrode active material, t-or 
example a lithium secondary battery using polyanilines in the positive electrode has been put on the market by Bndge- 
stone/Seiko Inc. as a coin type battery for use in a back-up battery, as reported in "27-th Battery Symposium, 3A05L 
and 3A06L, 1 986". Also, it is proposed to use polyaniline, which is capable of oxidation-reduction by proton, as a posi- 
tive electrode active material of a battery using an acidic aqueous solution (Bull. Chem. Soc. Jpn. 57, page 2254, 1 984). 
[0004] However, since a lithium-based battery uses lithium and/or a lithium compound that is active in water and air 
and thus is oxidized easily, problems such as safety and reliability in the cases of short-circuiting, high temperature, 
liquid leakage or unsealing are worried about Therefore, counter measures for safety are taken by various methods 
such as an improvement of the separator, incorporation of a PTC element and sealing. Recently, various studies for 
using the polymer solid electrolyte exhibiting a lithium ion conductivity in place of an organic electrolyte solution are 
being made in an attempt to improve the safety and reliability. A battery of this type has now been partly put on the mar- 
ket A battery using a solid electrolyte containing a polymer as a main component is more flexible than a battery using 
an inorganic material and, thus, produces a merit that the battery can be worked into various desired shapes. However, 
the battery studied up to now is defective in that the polymer solid electrolyte is low in its lithium ion conductivity, leading 
to the problem that the taken-up current is small. 

[0005] The present inventors previously proposed In JP-A-1 0-28961 7 (The term "JP-A" as used herein means an 
"unexamined published Japanese patent application (Kokai)") a proton migration type secondary battery excellent in 
safety, reliability and current characteristics and having a long life and a large capacity in an attempt to improve the 
defects of the new type batteries such as the lithium ion batteries described above and, thus, to improve the safety, the 
rapid current characteristics and the like. Proposed as the electrode active materials of these batteries are polypyndine 
series and/or polypyrimidine series and/or sulfonic acid side chain series and/or hydroquinone series polymer and/or 
manganese oxide. Since the proton insertion-release can be performed easily in these materials, it was possible to 
obtain a secondary battery excellent in safety and its rapid current characteristics. However, since the capacity of the 
proton insertion-release is insufficient, the battery was markedly inferior to the conventional new type battery in the 
energy density of the battery. 

[0006] In recent yeais, widely used in a memory back-up power source or the like is an electnc double layer capac- 
itor disposed of an ionic conductive solution (electrolyte solution) that is interposed between polarizable electrode mate- 
rials consisting of a carbon material having a large specific surface area such as activated carbon and carbon black. 
For example an electric double layer capacitor using an aqueous solution of sulfuric acid is proposed in "173rd Elec- 
trochemical Society Meeting, Atlanta, Georgia, May 1988, No. 18". The electric double layer capacitor available on the 
market includes a capacitor using an organic electrolyte solution and a capacitor using an acidic aqueous solution such 
as sulfuric acid. The aqueous solution type is certainly low in its energy density. However, the electrolyte solution used 
in the capacitor of this type exhibits a high ionic conductivity and, thus, the capacitor can be charged and discharged at 
a high speed, leading to excellent rapid current characteristics. 

[0007] It is reported in "J. Electrochem. Soc., Vol. 1 45, No. 4, page 1 1 93, 1.998" that polypheny! quinoxaline exhibits 
•an oxidation-reduction reaction within an acidic aqueous solution. However, this literature does not suggest the idea of 
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utilizing the polyphenyl quinoxaline in a proton migration type battery. Of course, this literature does not suggest the 
idea of the present invention that polyphenyl quinoxaline is used in a negative electrode. 

Summary of the Invention 

[0008] An object of the present invention is to provide a large capacity proton migration type secondary battery 
excellent in safety, reliability and rapid current characteristics, and having a long life. Another object of the present 
invention is to provide an electrode material and/or. an electrolyte material that exhibits excellent characteristics when 
used in the secondary battery. 

[0009] As a result of an extensive research conducted in view of the situation described above, the present inven- 
tors have found that a polymercontaining a quinoxaline.structure, which is used as an electrode active material, exhibits 
a large insertion/release capacity of protons, and that a proton migration type secondary battery using the particular 
polymer is excellent in safety, reliability and rapid current characteristics. It has also been found that the particular pro- 
ton migration type secondary battery exhibits a long life and a high weight energy density (kWh/kg), compared with the 
conventional aqueous solution type double layer capacitor and the lead acid battery using sulfuric acid. 
[0010] The present inventors have found that a proton migration type secondary battery excellent in productivity, 
safety, and reliability can be obtained by using such an electrolyte as a solid and/or gel electrolyte obtained by curing a 
mixture consisting of a polymerizable compound excellent in its polymerizing properties and an electrolyte exhibiting a 
proton conductivity. ' 

[0011] The present inventors have also found that a proton migration type secondary battery having a further 
improved life and excellent In reliability can be obtained by adding a non-electrically conductive powder material to the 
electrolyte. 

[0012] That is, the objects given above have been achieved in the present invention by developing a secondary bat- 
tery given below: 

1) A material comprising a polymer having a quinoxaline structure and being capable of charge-discharge reaction 
by insertion-release of protons. 
. 2) The material comprising a polymer having a quinoxaline structure and being capable of charge-discharge reac- 
tion by insertion-release of protons as described in the above 1), wherein the polymer having a quinoxaline struc- 
ture has a quinoxaline skelton as a repeating unit represented by the following formula (1 ): 




wherein each of R 1 to R 4 independently represents a hydrogen atom; a hydroxyl group; an alkyl group, which may 
have a hetero atom, having 1 to 20 carbon atoms; an alkenyl group, which may have a hetero atom, having 2 to 20 
carbon atoms; an alkynyl group, which may have a hetero atom, having 2 to 20 carbon atoms; an aryl group that 
may have a substituent group; a hetero. aryl group that may have a substituent group; a carboxyl group; or a car- 
boxyalkyl group having 2 to 10 carbon atoms, which may be linear, branched or cyclic. 

3) The material comprising a polymer having a quinoxaline structure and being capable of charge-discharge reac- 
tion by insertion-release of protons as described in the above 1), wherein the polymer having a quinoxaline struc- 
ture has a quinoxaline skelton as a repeating unit represented by the following formula (2): 
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R6 R 5 




wherein each of R 5 to R 8 independently represents a hydrogen atom; a hydroxyl group; an alkyl group, which may 
have a hetero atom, having 1 to 20 carbon atoms; an alkenyl group, which may have a hetero atom, having 2 to 20 
carbon atoms; an alkynyl group,which may have a hetero atom, having 2 to 20 carbon atoms; an aryl group that 
may have a substituent group; a hetero aryl group that may have a substituent group; a carboxyl group; or a car- 
boxyaikyl group having 2 to 10 carbon atoms, which may be linear, branched or cyclic. 

4) The material comprising a polymer having a quinoxaline structure and being capable of charge-discharge reac- 
tion by insertion-release of protons as described in the above 1), wherein the polymer having a quinoxaline struc- 
ture has a quinoxaline skelton as a repeating unit represented by the following formula (3): 




) 



wherein each of R 9 to R 16 independently represents a hydrogen atom; a hydroxyl group; an alkyl group, which may 
have a hetero atom, having 1 to 20 carbon atoms; an alkenyl group, which may have a hetero atom, having 2 to 20 
carbon atoms; an alkynyl group, which may have a hetero atom, having 2 to 20 carbon atoms; an aryl group that 
may have a substituent group; a hetero aryl group that may have a substituent group; a carboxyl group; or acar- 
boxyalkyl group having 2 to 10 carbon atoms, which may be linear, branched or cyclic; Ar is a divalent aryl group 
that may have a substituent group or a divalent hetero aryl group that may have a substituent group; p is an integer 
of 1 to 5; X is a hetero atom, a divalent aryl group that may have a substituent group or a divalent hetero aryl group 
that may have a substituent group; and k is an integer of 0 to 5. 

5) An electrode for a battery capable of charge-discharge reaction by insertion-release of protons, characterized by 
comprising the polymer recited in any one of items 1) to 4) and an electrically conductive carbon material. 

6) The electrode for a battery according to item 5), wherein the electrically conductive carbon material is a fibrous 
carbon material. 

7) A secondary battery, in which a positive electrode active material and/or a negative electrode active material is 
a material capable of charge-discharge reaction by insertion-release of protons, and an electrolyte exhibits a proton 
conductivity, characterized In that the material recited in any one of items 1) to 4) is used as the negative electrode 
active material. 
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8) The secdndary battery according to item 7), wherein the electrolyte is a proton conductive solid and/or gel elec- 
trolyte. 

9) The secondary battery according to item 8), wherein the solid and/or gel electrolyte is obtained by hardening a 
mixture consisting of a polymerizable compound having a double bond and a proton conductive substance. 

5 10) The secondary battery according to any one of items 7) to 9), wherein powder of at least one kind of a non- 

electronically conductive material is contained in the electrolyte. 

11) The secondary battery according to item 10), wherein the powder of at least one kind of the non-electrically 
conductive material consists of inorganic fine particles having a primary particle diameter of about 0.001 to about 
lOjum. • 

10 

Brief Description of the Drawings 
[0013] 

15 Fig. 1 is a cross sectional view schematically showing the construction of a coin type secondary battery as an 
example of a proton secondary battery of the present invention. 

Detailed Description of the Invention 

20 [0014] The present invention will now be described in detail. 

(Electrode material) 

[0015] In a polymer having a quinoxaline structure, which is used as a negative electrode material in the present 
25 invention, the quinoxaline structure is active under a relatively low potential (about 10 to 500 mV vs. NHE relative to the 
standard hydrogen electrode NHE) in respect of the electrochemical insertion and release of protons so as to exhibit a 
high charge-discharge capacity. It is considered reasonable to understand that the nitrogen atom of the quinoxaline 
structure exhibits a high affinity to protons, leading to the high charge-discharge capacity. 

[0016] Among the polymers having a quinoxaline structure, it is preferable to use polyquinoxaline having as a 
30 repeating unit the structure represented by the following formula (1), formula (2) or formula (3) and/or derivatives 
thereof. The polymerization degree of these polymers falls within a range from 2 to 1,000,000, preferably from 10 to 
100,000. 



35 



40 




[0017] In formula (1), each of R 1 to R 4 independently represents a hydrogen atom; a hydroxyl group; an alkyl group, 
which may have a hetero atom, having 1 to 20 carbon atoms; an alkerryl group, which may have a hetero atom, having 
2 to 20 carbon atoms; an alkynyl group, which may have a hetero atom, having 2 to 20 carbon atoms; an aryl group that 
so may have a substituent group; a hetero aryl group that may have a substituent group; a carboxyl group; or a carboxy- 
alkyl group having 2 to 1 0 carbon atoms, which may be linear, branched or cyclic. 



5 
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(2) 



15 



20 



[001 8] In formula (2), each of R 5 to R 8 independently represents a hydrogen atom; a hydroxyl group; an alkyl group, 
which may have a hetero atom, having 1 to 20 carbon atoms; an alkenyl group, which may have a hetero atom, having 
2 to 20 carbon atoms; an alkynyl group, which may have a hetero atom, having 2 to 20 carbon atoms; an aryl group that 
may have a substituent group; a hetero aryl group that may have a subsfrtuent group; a carboxyl group; or a carboxy- 
alkyl group having 2 to 10 carbon atoms, which may be linear, branched or cyclic. 



25 



30 



35 




( 3 ) 



40 



45 



50 



55 



[0019] In formula (3), each of R 9 to R 16 independently represents a hydrogen atom; a hydroxyl group; an alkyl 
group, which may have a hetero atom, having 1 to 20 carbon atoms; an alkenyl group, which may have a hetero atom, 
having 2 to 20 carbon atoms; an alkynyl group, which may have a hetero atom, having 2 to 20 carbon atoms; an aryl 
group that may have a substituent group; a hetero aryl group that may have a substituent group; a carboxyl group; or a 
carboxyalkyl group having 2 to 1 0 carbon atoms, which may be linear, branched or cyclic; Ar is a divalent aryl group that 
may have a substituent group or a divalent hetero aryl group that may have a substituent group; p is an integer of 1 to 
5; X is a hetero atom, a divalent aryl group that may have a substituent group or a divalent hetero aryl group that may 
have a substituent group; and k is an integer of 0 to 5. 

[0020] The alkyl group included in the above formula (1 ), which may have a hetero atom, includes, for example, an 
alkyl group having an oxygen atom, a sulfur atom, a selenium atom, a silicon atom or a nitrogen atom substituted for 
the methylene group and an alkyl group having a halogen atom substituted for the hydrogen atom. Moreover, the alke- 
nyl group, which may have a hetero atom, and the alkynyl group, which may have a hetero atom, are similar to the fore- 
going alkyl groups that may have a hetero atom. The aryl group, which may have a substituent group, represents an 
aryl group having an optional group selected from the substituent group consisting of a halogen atom, a cyano group, 
an alkyl group, an aryl group and an aryloxy group substituted therein. The hetero aryl group, which may have a sub- 
stituent group, represents a heterocyclic group having an optional substituent group selected from a halogen atom, a 
cyano group, an alkyl group, an. aryl group, and aryloxy group and also having 1 to 4 hetero atoms selected from an 
oxygen atom, a Sulfur atom,.a;^eienium atom, a silicon atom and a nitrogen atom. 

[0021] : ^ Useful exarnpffesr/bf. R 1 -tp Rj^rM^hydrogen atom; a hydroxyl group; a carboxyl group; and the following- 
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groups* The alkyl group, which may have a hetero atom, includes a. methyl group, a trifluoromethyl group, an ethyl 
group, a methoxy group, and an ethoxy group. The alkenyl group, which may have a hetero atom, includes an ethenyl 
group, a 2-propenyl group, a 1 ,3-butadienyl group and a 4-methoxy-2-butenyl group. The alkynyl group, which may have 
a hetero atom, includes an ethenyl group and a 2-propnyl group. The aryl group, which may have a substituent group, 

5 includes a phenyl group, a thienyl group, a pyrrolyl group, a 4-methoxy-phenyl group, a 3-trifluoromethyl-phenyl group, 
a naphtyl group and. a 3-m ethyl -thienyl group. Further, the carboxyalkyl group includes, for example, -CH 2 COOH. 
[0022] Concerning formula (2), useful examples of R 5 to R 8 are equal to those of R 1 to R 4 
[0023] . Concerning formula (3), useful examples of R 9 to R 16 are equal to those of R 1 to R 4 Useful examples of Ar 
include, for example, a 1,4-phenylene group, a 1 ,3-phenylene group, a 4,4'-diphenylene group, a 3,3'-diphenylene 

10 group and a 4,4'-oxydiphenylene group. Useful examples of X include, for example, an oxygen atom, a sulfur atom, a 
selenium atom, a silicon atom, a NR 17 (R 17 •= H or a C1 to C10 alkyl group), a phenylene group, a 2,5-dimethoxy-phe- 
nylene group and a naphthylene group. It is desirable for p to be 1 or 2 and for k to be 0 or 1. 

[0024] Examples of these compounds include, for example, polyquinoxaline (PQ) and its derivatives, polyphenyl 
quinoxaline (PPQ) and poly-^ZXp-diphenyleneJ-S.S'-dlphenyl-e.G'-oxydiquinoxaline (POPQ) described in "J. Polymer 
75 Science: part. A-1, Vol. 5, page 1453, 1967". Among these compounds, polyquinoxaline, its derivatives and polyphenyl 
quinoxaline are preferable because a large amount of quinoxaline structures can be introduced into these compounds 
and the conjugated structure can be also easily expanded. 

[0025] It is considered reasonable to understand that, in order to increase the proton insertion-release activity, It is 
necessary to expand the conjugated structure of the quinoxaline structure as much as possible. Also, since there is a 

20 possibility to use an acidic substance as an electrolyte and to use the electrolyte under high temperatures as described 
herein later, it is necessary to use a material excellent in acid resistance and heat resistance for forming the electrolyte. 
[0026] The positive electrode material that is used in combination with the quinoxaline-based negative electrode 
material is not particularly limited in the present invention, as far as the material is stable within an acidic solution and 
exhibits an activity relative to the proton insertion-release reaction under a potential (about 600 to 2500 mV vs. NHE) 

25 higher than that of the quinoxaline-based negative electrode material. 

[0027] Such materials include, for example, various carbon materials such as graphite and activated carbon, a con- 
ducting polymer, a metal oxide, a metal chalcogenide, and various organic metal complex compounds. Among these 
materials, a conducting polymer is preferable because the conducting polymer is flexible and, thus, can be formed eas- 
ily into an electrode in the form of a thin film like the quinoxaline-based polymer used as a negative electrode material. 

30 The conducting polymer used as a positive electrode material includes nitrogen-containing conducting polymers such 
as polyaniiine and its derivatives, polyindole and its derivatives, polypyrrole and its derivatives; sulfur-containing con- 
ducting polymers such as polythienylene and its derivatives, polyisothlanaphthenylene and its derivatives; polyquinone 
and its derivatives; polyfurylene and its derivatives; polyselenophene and its derivatives; polyparaphenylene and its 
derivatives; polyallylene vinylene and its derivatives such as polyparaphenylene vinylene, polythienylene vinylene, poly-* 

35 furylene vinylene, polynaphthenylene vinylene and the like. 

[0028] Among these compounds, polyaniiine and its derivatives, and polyindole and its derivatives are preferable 
because these compounds are excellent in their charge-discharge efficiency owing to the doping/undoping reaction of 
protons within an acidic solution. 

[0029] In some cases, the activity for the proton insertion-release reaction can be increased by introducing a sul- 
40 fonic acid group into the side chain of the conducting polymer. Such polymers include, for example, sulfonated poly- 
aniiine prepared by treating polyaniiine within sulfuric acid, sulfonated thiophene and sulfonated polyisothianaphthene. 
[0030] Also, polymers having a polyquinone structure such as polyquinone is preferable because the capacity of 
the proton insertion-release caused by the quinhydrone oxidation-reduction reaction is large. 

[0031] The metal oxide and the metal chalcogenide are preferable as the electrode material in the present invention 
45 because these materials have a high bulk density and a high volume capacity density. These metal oxide and metal 
chalcogenide include, for example, manganese oxides, iron oxides, ruthenium oxides, titanium oxides, vanadium oxides 
and cobalt oxides. 

(Electrolyte material) . 

50 

[0032] In general, an acidic solution is used in the present invention as a proton conductive electrolyte. The acidic 
solutions include, for example, an aqueous solution of sulfuric acid, an aqueous solution of polystyrene sulfonic acid, 
and an aqueous solution of perchloric acid. It is not preferable to use an aqueous solution of hydrochloric acid singly 
because the solution is highly volatile. Therefore, it is necessary to contrive the aqueous solution of hydrochloric acid 
55 to be compounded in combination with another material. The reliability and safety can be further improved in the 
present invention by using a proton conductive solid electrolyte. The materials used in the proton conductive solid elec- 
trolyte are not particularly limited, as far as these materials are not electronically conductive, and include, for example, 
proton conductive oxide solid materials such as alumina, silica, titania, magnesia and these complex oxides with other 



7 
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metals, and proton* conductive polymers such as Nation (trade name: Nation™; manufactured by Du Pont Inc.), sul- 
fonated imides and polystyrene sulfonic acids. 

[0033] In the present invention, an electrolyte exhibiting a satisfactory property in both performance and reliability 
can be obtained by using a so-called "gel electrolyte" prepared by compounding these oxide solid materials or polymers 
with an electrolyte solution. 

[0034] If inorganic oxide fine particles are added to the sulfuric acid series electrolyte solution, a solid electrolyte or 
a gel electrolyte of the present invention, the maintenance of the solution or the maintenance of the electrolyte is further 
increased so as-to increase -the specific surface area to about 10 m 2 /g or more in terms of the BET specific surface 
area. However, it is desirable for the fine particles to have a larger specific surface area. Preferably, fine particles having 
a BET specific surface area of at least about 50 m 2 /g are used. 

[0035] The size of the inorganic fine particles (i.e., primary particles where the fine particles are agglomerated to 
form secondary particles) is not particularly limited as far as the inorganic fine particles can be mixed with a polymeriz- 
able composition. However, used are inorganic fine particles having a maximum particle diameter of about 10 u.m or 
less. More preferably, fine particles having a maximum diameter falling within a range from about 0.001 ujn to about 1 
u.m are used. Further preferably, inorganic fine particles of various shapes such as spherical particles, egg-shaped par- 
ticles, cubic particles, parallelepiped particles, cylindrical particles and rod-like particles are used. 
[0036] Inorganic fine particles that are non-electrically conductive and electrochemically stable are selected in the 
present invention. More preferably, inorganic fine particles exhibiting an ionic conductivity are used in the present inven- 



tion. 



UUII. 

[0037] The inorganic fine particles used in the present invention include, for example, alumina-based fine particles 
such as a-, p- and y-alumina particles, silica - based fine particles, titania-based fine particles, magnesia-based fine 
particles and ionicaily conductive or non-electrically conductive oxide fine particles such as complex oxide fine particles 
thereof. Among these, the alumina-based fine particles and silica-based fine particles are preferable because these fine 
particles are excellent in stability and exhibit a large mutual function with the electrolyte ions. Particularly, the surfaces 
of the alumina-based fine particles exhibit a high affinity with the electrolyte anions so as to decrease, particularly, the 
restraint to the proton, thereby promoting the proton migration. 

[0038] The concrete examples of the alumina-based fine particles include, for example, a-, p- or y-AI 2 0 3 fine parti- 
cles prepared by various methods such as a solid phase method and a gaseous phase method and alumina-based 
complex oxide fine particles formed between these alumina fine particles and other metals. Among these, Y-AI2O3 fine 
particles of aluminum oxide C (trade name; manufactured by Degssa Inc.) and UA-5805 (manufactured by Showa 
Denko K.K.) are suitable because these y-AI 2 0 3 fine particles have a large specific surface area and a high surface 
activity. 

[0039] The concrete examples of the silica-based fine particles include, for example, Aerosil (trade name; manufac- 
tured by Degssa Inc.) and colloidal silica having a large specific surface area and a high surface activity. 
[0040] When inorganic fine particles are added in an unduly large amount to the electrolyte solution, a solid elec- 
trolyte or a gel electrolyte, some problems are brought about. That is, the viscosity of the electrolyte solution, the solid 
electrolyte or the gel electrolyte is increased. 

[0041] Also, the ionic conductivity of the electrolyte solution, the solid electrolyte or the gel electrolyte is lowered. 
Accordingly, it is preferable to add the inorganic fine particles in an amount of 0.1 to 50% by weight, more preferably 1 
to 30% by weight, based on the weight of the electrolyte solution, the solid electrolyte or the gel electrolyte. 

(Construction of proton battery and manufacturing method) 

[0042] Fig. 1 shows the construction of a sheet type proton battery of the present invention. In principle, the battery 
is of a laminate structure of positive electrode/ion conductive layer/negative electrode. In Fig. 1, 1 indicates positive 
electrode; 2 ion conductive layer 4- separator; 3 negative electrode; 4 positive electrode can; 5 negative electrode can; 
6 positive electrode current collector; 7 negative electrode current collector; 8 insulating resin. 

[0043] For preparing the electrode, the electrode material described previously is mixed with a conductor assistant 
such as Ketchen black. In some cases, a mixture containing the electrode material, a polymer binder such as PVDF 
(polyvinylidene fluoride), Teflon and the like and/or the proton conductive electrolyte material described previously is 
sufficiently kneaded, followed by coating a current collector such as an electrically conductive rubber sheet with the 
kneaded mixture and subsequently pressing to mold the coated collector into a desired thickness. 
[0044] When the electrolyte material is a solid electrolyte and/or a gel electrolyte obtained by curing a solution of a 
mixture containing a polymerizable compound having a double bond and a proton conductive substance, it is advanta- 
geous in terms of process in some cases to impregnate an electrode molded in advance by using another binder with 
the solution of the mixture, followed by curing the polymerizable compound. 

'[0045] In the present invention, the proton conductive ^lectrplyte sqlutibTy the solid electrolyte or the gel electrolyte 
described pre^iotjsly is -used in the ion conductive laye>!^he^ ion,conductive 
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layer, the general purpose separator material, for, example, a porous. polymer film described herein later, is impreg- 
nated with the electrolyte solution. In the case of using the solid electrolyte or the gel electrolyte in the ion conductive 
layer, such an electrolyte is singly molded into a film. Moreover, for improving the mechanical strength of the film, it is 
possible to use the film of the solid electrolyte or the gel electrolyte in combination with a porous polymer film as in the 

5 case of using an electrolyte solution. It should be noted, however, that the ion conductivity is lowered or rendered unsta- 
ble depending on the kind of the polymer used, the film shape and the ratio of the materials used, making it necessary 
to select appropriately the materials. The used porous polymer films include, for example, a polypropylene unwoven 
fabric, a porous polyolefin film including a mesh-like polyolefin sheet such as a polyethylene net, a polyolefin micro- 
porous film such as Cellguard (trade name), a nylon unwoven fabric, and a polyester net. In terms of stability, a polyole- 

10 fin porous film is preferable. Moreover, the porosity may be about 10 to 90%. However, since a high porosity is prefrable 
as far as the mechanical strength permits, the porosity preferably ranges 40% to 90%. 

[0046] As for the solid electrolyte and/or the gel electrolyte used in the present invention, the one obtained by curing 
a polymerizable composition containing a mixture of a polymerizable compound haiving a double bond and a proton 
conductive substance is simple in the element manufacturing process and advantageous in the manufacturing cost. For 

15 example, when an electrode is coated with a polymerizable composition for impregnation thereof into the electrode, fol- 
lowed by polymerizing the polymerizable composition by heating and/or irradiation with active rays for the curing, the 
bonding strength of the electrolyte to the electrode is increased, an electrolyte film can be formed uniformly, and simple 
control to the film thickness is achieved. It is also possible to prepare a laminate structure of a positive electrode/sepa- 
rator material/negative electrode, followed by housing the laminate structure within a battery case and subsequently 

20 curing the polymerizable composition in the laminate structure by impregnating the same. 

[0047] In addition, the heating temperature for polymerization, which depends on the kind of the polymerizable 
compound and on the kind of the initiator, is not particularly limited as far as the polymerization takes place. However, 
the heating is performed in general within a range from 0°C to 200°C. When the polymerization is performed by irradi- 
ation with active rays, irradiation is performed with ultraviolet rays or an electron beam, y-ray and the like of at least sev- 

25 eral mW using active rays initiator such as benzyl methyl ketal or benzophenone, depending on the kind of.the 
polymerizahle composition. The polymerizable compound having a double bond used in the present invention includes, 
for example, a polymerizable compound having any one of the functional groups represented by formula (4) and/or for- 
mula (5). The particular compound is preferable because the compound is highly polymerizable and can be easily 
polymerized even under the state of containing a proton conductive substance and a solvent. The solid electrolyte 

30 and/or the gel electrolyte thus obtained exhibits a high mechanical strength. 

CHf=C(R 1 fc0-~ 

II W 

25 0 



40 CKl=C(R 1 ?C(OR 2 %NHCO— 

. II II (5) 

O O 

45 [wherein each of R 18 and R 19 represents hydrogen, alkyl group or halogenated alkyi group; and R 20 represents a diva- 
lent group having 10 or less carbon atoms in which the divalent group may include a hetero atom and may have any of 
linear, branched and cyclic structure; and n is 0 or an integer of 1 to 10; provided that each of R 18 R 19 , R 20 and n in a 
plurality of the polymerizable functional groups represented by formula (4) or (5) included in the same molecule are 
independent of each other and need not be the same.] 

so [0048] The entire laminate structure of positive electrode/electrolyte/negative electrode thus obtained is housed in 
a jacket of the battery, the jacket being made of an aluminum laminate body, a polyolefin resin and the like, and is sealed 
by an insulating resin such as a polyolefin resin or an epoxy resin so as to obtain a proton migration type secondary 
battery of the present invention. 

[0049] The construction of the proton battery of the present invention is not limited to the sheet type as shown in 
55 Fig. 1. Any optional shape such as a chip shape, a coin shape, a rectangular shape or a cylindrical shape can be 
employed. Also, the proton battery of various sizes can be manufactured. The thickness of the battery, which depends 
on the shape of the battery, is 1 mm or less, e.g., about 0.5 mm. 
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Best mode for carrying out the invention 

[0050] The present invention will now be described in detail with reference to typical Examples as follows. Inciden- 
tally, the following Examples are simply for the specific description of the present invention and do not limit at all the 
5 technical scope of the present invention. 

Example 1 : Synthesis of pdlyphenyl quinoxa|ine (PPQ) 

[0051] PPQ was synthesized as follows in accordance with the description in a publication "Journal of Polymer Sci- 
re ence: part A-1 , vol. 5, page 1 453, 1 967V 

[0052] Specifically, 50g of 4-phenyl oxalylbenzil (Mw 342.4) and 31 .5g of 3,3'-diaminobenzidine (Mw 214.3) were 
dissolved in 350 ml of DMF, and the resultant solution was subjected to reflux for 35 hours under a nitrogen gas atmos- 
phere so as to obtain a yellow precipitate. The yellow precipitate was filtered, dried and, then, stirred for 8 hours within 
500 ml of a concentrated hydrochloric acid, followed by filtration and washing with water for the refining purpose. Fur- 
is ther, the refined precipitate was subjected to a vacuum drying for 8 hours at 80°C so as to obtain 71g of PPQ, which 
was a yellow powder. The PPQ thus obtained was estimated to have substantially the aimed structure from the elemen- 
tal analysis and IR. PPQ was found to have a number average molecular weight of about 12,000 and a weight average 
molecular weight of about 50,000 from the result of GPC analysis within HFIP (hexafluoro isopropanol). 

20 Example 2: Manufacture of PPQ negative electrode 

[0053] The PPQ powder synthesized in Example 1 and Ketchen black (KB: carbon black manufactured by Ketch en 
Black International Inc.) were subjected to a dry mixing at a weight ratio of 75 : 25. The mixture was subjected to a pres- 
sure molding on a SUS foil of 15 urn thickness, 15 mm0, at 250°C under a pressure of 1 ton for 15 minutes so as to 
25 obtain a PPQ/KB composite electrode (31 .Bmg) having a thickness of about 200 um. 

Example 3: Synthesis of polyaniline (PAn) 

[0054] Aniline was subjected to an oxidation polymerization within 1 N hydrochloric acid using ammonium persulfate 
30 as an oxidizing agent, followed by neutralization with an aqueous solution of ammonia in accordance with the method 
described In J P -A- 62- 108459 so as to obtain 100g of a deep purple polyaniline (PAn) base powder. The PAn thus 
obtained was estimated to have substantially the aimed structure from the elemental analysis and IR. Also, the PAn was 
found to have a number average molecular weight of about 50,000 and a weight average molecular weight of about 
1 20,000 from the result of GPC analysis within NMP (N-methyl pyrrolidone). 



35 



Example 4: Manufacture of PAn positive electrode 



[0055] A gel-like composition was obtained by adding an excess NMP (N-methyl pyrrolidone) to a mixture consist- 
ing of the PAn powder thus obtained, an acetylene black (AB: manufactured by Denki Kagaku K.K.) and polyvinylidene 
40 fluoride (PVDF: manufactured by Kurare K.K.) mixed at a ratio of 85 : 7 : 8. The resultant composition was coated on a 
SUS foil of about 15 jim thickness, 15 mm0, followed by applying a pressure molding under a pressure of 1 ton and 
subsequently subjecting the resultant structure to a vacuum drying for 8 hours at 80°C so as to obtain a PAn electrode 
(30.9 mg) having a thickness of about 250 um 

45 Example 5: Manufacture of proton secondary battery 

[0056] The PPQ negative electrode (15 mm0) manufactured in Example 2 was arranged within a negative elec- 
trode can of a coin cell (2016 type, made of SUS304) such that the SUS foil was positioned on the side of the can, fol- 
lowed by superposing a micro-porous film separator made of PP subjected to a hydrophilic treatment (Juraguard 3501 

50 manufactured by Polyplastic K.K., 25 um thickness, 17 mm0) thereon. Then, an electrolyte solution consisting of a 
20wt% aqueous solution of sulfuric acid was poured into the can to allow the negative electrode and the separator to 
be immersed therein. This condition was left to stand for one hour. Further, the PAn positive electrode (15 mm0) man- 
ufactured in Example 4, which was dipped in and left to stand in a 20wt% aqueous solution of sulfuric acid in another 
container, was superposed on the separator, followed by sealing the can with a coin cell caulking device available on 

55 the market so as to manufacture a PPQ/PAn series coin cell (201 6 type). 

- [0057] A charge-discharge test was applied to the battery thus manufactured at 25°C, under an operating voltage 

■ of O.to 0.8V and under a current of 1.75 mA. A maximum discharge capacity was found to be 2.5 mAh. Also, thj^djs- 
•i^charge qapafcities>> the£ases where the. current vajues were {ncrease^to ?:0:mA and 17.5 mA were found to be 2:&^ : 
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mA and 2.4 mA,' which were substantially the same, supporting that the battery was excellent in the rapid discharge 
properties. Moreover, the battery was discharged at 1 .75 mA at 0°C and -1 0°C. In this case, the capacity was found to 
be 2.2 mAh and 1 .8 mAh, supporting that the decrease in the battery capacity was small under low temperatures. 

5 Example 6: Synthesis of polymerizable compound (compound 3) 
[0058] 

10 WCH 7 pP 2 (OCF^2)2(OCF2)ttCH 2 0H + 2(^2^(013)0)0(012)2^^ 

Compound 1 Qxnpound 2 

20 . 

CHjC ( CH 3 ) OX) ( OI 2 ) zTWCO^ 



Ccnpound 3 



[0059] A reaction was carried out in accordance with the reaction formula given above by mixing 1 0Og of compound 
30 1 (Zdol manufactured by Nippon Aojimunt K. K.: average molecular weight of about 2,000) and 15.5g of compound 2 
with 1 00 mL of well refined THF under a nitrogen gas atmosphere, followed by adding 0.66g of dibutyltin dilaurate as a 
catalyst. Then, reaction was carried out at 25°C for about 15 hours so as to obtain a polymerizable compound 3, which 
was a colorless viscous liquid. It has been found as a result of 1 H-ISJMR, IR and elemental analysis that compound 1 . 
and compound 2 were reacted at a ratio of 1 :2, and that the isocyanate group of compound 2 disappeared and an ure- 
35 thane bond was formed so as to form compound 3. 

Example 7: Preparation of alumina-containing solid electrolyte film (A) 

[0060] 0.33g of a high purity 7-alumina manufactured by Showa Denko K.K. by applying a heat treatment at 1000°C 
40 for 2 hours under a dry air atmosphere (trade name: UA5805, crystal grain diameter: 0.03 u.m, average secondary par- 
ticle diameter: 1.8 Jim, BET specific surface area: 80 m 2 /g), 1.0g of compound 3 and 6.0g of an aqueous solution of 
20wt% sulfuric acid were mixed well to obtain an emulsion-like polymerizable composition. Then, 0.008g of 2,4,6-tri- 
methylbenzoyl diphenyl phosphine oxide (trade name Lucirin® TPO manufactured by BASF Inc.) was added as a pho- 
topolymerization initiator to the resultant polymerizable composition, followed by coating a PET film with the resultant 
45 mixture under a nitrogen gas atmosphere. Further, the coating was kept irradiated for 20 minutes with rays emitted from 
a chemical fluorescent lamp (FL20S. BL manufactured by Sankyo Denki K.K.) so as to obtain a composite film of poly- 
mer of compound 3 impregnated with an aqueous solution of sulfuric acid and UA5805 as a self-standing film having a 
thickness of about 50 urn The ion conductivity of the composite film was measured at 25°C and -1 0°C by an impedance 
method so as to obtain an ion conductivity of 1 86 x 1 0" 3 and 60 x 10" 3 S/cm, respectively. 
50 . 

Example 8: Preparation of alumina-containing solid electrolyte film (B) 

[0061] A polymerizable composition was obtained as in Example 7, except that 0.33g of aluminum oxide C sub- 
jected to a heat treatment at 1000°C (trade name: manufactured by Nippon Aerozil K.K., crystal grain diameter: 0.013 
55 urn, average secondary grain diameter: 0.1 1 urn (SEM observation), BET specific surface area: 100 m 2 /g) was used as 
alumina-based fine particles in place of UA5805. 

[0062] Lucirin® TPO was added to the polymerizable composition as in Example 7, followed by irradiating the com- 
position with rays emitted from a chemical fluorescent lamp so as to obtain a composite film of polymer of compound 3 
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impregnated with an aqueous solution of sulfuric acid and aluminum oxide C as a self-standing film having a thickness 
of about 50 urn. The. ion conductivity of the composite film was measured at 25°C and -10°C by an impedance method 
so as to obtain an ion conductivity of 202 x 1 (T 3 and 66 x 1 0* 3 S/cm, respectively. 

5 Example 9: Preparation of silica-containing solid electrolyte film (E) 

[0063] A polymerizable composition was obtained as in Example 7, except that 0.33g of silica fine particles manu- 
factured by Nippon Aerozil K.K. and subjected to a heat treatment at 1 000°C (Aerozil® 2000, crystal grain diameter: 
0.012 |im, average secondary grain diameter: about 0.1 [im (SEM observation), BET specific surface area: 1 80 m /g) 

10 was used as inorganic oxide fine particles in place of UA5805. 

[0064] Lucirin® TPO was added to the polymerizable composition as in Example 7, followed by irradiating the com- 
position with rays emitted from a chemical fluorescent lamp so as to obtain a composite film of polymer of compound 3 
impregnated with an aqueous solution of sulfuric acid and silica fine particles as a self-standing film having a thickness 
of about 50 urn. The ion conductivity of the composite film was measured at 25°C and -1 0°C by an impedance method 

15 so as to obtain an ion conductivity of 1 86 x 1 0" 3 and 56 x 1 0- 3 S/cm, respectively. 

Example 10: Manufacture of proton secondary battery 

[0065] The PPQ negative electrode (15 mm0) manufactured in Example 2 was arranged within a negative elec- 
20 trade can of a coin cell (201 6 type, made of SUS304) such that the SUS foil was positioned on the side of the can, fol- 
lowed by superposing the polymer of compound 3/aluminum oxide C composite film manufactured in Example 8, which 
was punched in a size of 17mm0 (50pm thickness), on the PPQ negative electrode. Then, an electrolyte solution con- 
sisting of a 20wt% aqueous solution of sulfuric acid was poured into the can to allow the negative electrode and the 
composite film to be immersed in the electrolyte solution. This condition was left to stand for one hour. Further, the PAn 
25 positive electrode (15 mm0) manufactured In Example 4, which was dipped in and left to stand in an aqueous solution 
consisting of 20wt% aqueous solution of sulfuric acid and housed in another container, was superposed on the sepa- 
rator, followed by sealing the can with a coin cell caulking device available on the market so as to manufacture a 
PPQ/composite film/PAn series coin cell (2016 type). 

[0066] A charge-discharge test was applied to the battery thus manufactured at 25°C, under an operating voltage 
30 of 0 to 0.8V and under a current of 1.75 mA. A maximum discharge capacity was found to be 2.5 mAh. Also, the dis- 
charge capacities in the cases where the current values were increased to 7.0 mA and 17.5 mA were found to be 2.4 
mA and 2.2 mA, which were substantially the same, supporting that the battery was excellent in the rapid discharge 
properties. Further, the battery was discharged at 1 .75 mA at 0°C and -10°C. In this case, the capacity was found to be 
2.0 mAh and 1 .5 mAh, supporting that the decrease in the battery capacity was small under low temperatures. 
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Example 11: Preparation of alumina-containing electrolyte 



[0067] 1.0g of aluminum oxide C subjected to a heat treatment at 1 000°C was added to 50g of 20% aqueous solu- 
tion of sulfuric acid, followed by sufficiently stirring the mixture at a room temperature so as to obtain an electrolyte solu- 
40 tion containing aluminum oxide C. The ion conductivity of the electrolyte was measured at 25°C and - 10°C by an 
impedance method so as to obtain an ion conductivity of 500 x 1 0" 3 S/cm and 1 50 x 1 0* 3 S/cm, respectively. 

Example 12: Manufacture of proton secondary battery 

45 [0068] A PPQ/PAn series coin cell (201 6 type) was manufactured as in Example 5, except that the electrolyte con- 
taining aluminum oxide C prepared in Example 1 1 was used as the electrolyte. 

[0069] A charge-discharge test was applied to the battery thus manufactured at 25°C, under an operating voltage 
of 0 to 0.8V and under a current of 1.75 mA. A maximum discharge capacity was found to be 2.5 mAh. Also, the dis- 
charge capacities in the cases where the current values were increased to 7.0 mA and 17.5 mA were found to be 2.4 
so mA and 2.3 mA, which were substantially the same, supporting that the battery was excellent in the rapid discharge 
properties. Further, the battery was discharged at 1 .75 mA at0°C and -10°C. In this case, the capacity was found to be 
2.3 mAh and 2.0 mAh, supporting that the decrease in the battery capacity was small under low temperatures. 



Industrial Applicability - ... 

[0070] In the proton secondary battery of the present invention, the charge-discharge on the 

basis of only the migration of proton having the smallest atomic weight an^ 



present invention is excellent in its rapid charge-disch^g; P$J^f^ 
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[0071] * Also, a polymer having a quinoxaline structure having a large proton insertion-release capacity is used as a 
negative electrode material, makingJt possible to obtain a battery having a large charge-discharge capacity. 
[0072] Further, it is possible to use a solid electrolyte and/or a gel electrolyte in the present invention, making it pos- 
sible to obtain a battery having a high stability and excellent in reliability and safety. 

Claims 

1. . A material-comprising a polymer having a quinoxaline structure and being capable of charge-discharge reaction by 
insertion-release of protons. 

2. The material comprising a polymer having a quinoxaline structure and being capable of charge-discharge reaction 
by insertion-release of protons as described in Claim 1 , wherein the polymer having a quinoxaline structure has a 
quinoxaline skelton as a repeating unit represented by the following formula (1): 

oi 

R 4 



(1) 



wherein each of R 1 to R 4 independently represents a hydrogen atom; a hydroxyl group; an alkyl group, which may 
have a hetero atom, having 1 to 20 carbon atoms; an alkenyl group, which may have a hetero atom, having 2 to 20 
carbon atoms; an alkynyl group, which may have a hetero atom, having 2 to 20 carbon atoms; an aryl group that 
may have a substituent group; a hetero aryl group that may have a substituent group; a carboxyl group; or a car- 
boxyalkyl group having 2 to 10 carbon atoms, which may be linear, branched or cyclic. 

3. The material comprising a polymer having a quinoxaline structure and being capable of charge-discharge reaction 
by insertion-release of protons as described in Claim 1 , wherein the polymer having a quinoxaline structure has a 
. quinoxaline skelton as a repeating unit represented by the following formula (2): 



(2) 



wherein each of R 5 to R 8 independently represents a hydrogen atom; a hydroxyl group; an alkyl group, which may 
have a hetero atom, having 1 to 20 carbon atoms; an alkenyl group, which may have a hetero atom, having 2 to 20 
carbon atoms; an alkynyl group, which may have a hetero atom, having 2 to 20 carbon atoms; an aryl group that 
may have a substituent group; a hetero aryl group that may have a substituent group; a carboxyl group; or a car- 
boxyalkyl group having 2 to 10 carbon atoms, which may be linear, branched or cyclic. 

4. The material comprising a polymer having a quinoxaline structure and being capable of charge-discharge reaction 
by insertion-release of protons as described in Claim 1. wherein the polymer having a quinoxaline structure has a 
quinoxaline skelton as a repeating unit represented by the following formula (3): 
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10 



15 




wherein each of R 9 to Ft 16 independently represents a hydrogen atom; a hydroxyl group; an alkyl group,, which may 
have a hetero atom, having 1 to 20 carbon atoms; an alkenyl group, which may have a hetero atom, having 2 to 20 

20 carbon atoms; an alkynyl group, which may have a hetero atom, having 2 to 20 carbon atoms; an aryl group that 
may have a substituent group; a hetero aryl group that may have a substituent group; a carboxyl group; or a car- 
boxyalkyl group having 2 to 10 carbon atoms, which may be linear, branched or cyclic; Ar is a divalent aryl group 
that may have a substituent group or a divalent hetero aryl group that may have a substituent group; p is an integer 
of 1 to 5; X is a hetero atom, a divalent aryl group that may have a substituent group or a divalent hetero aryl group 

25 that may have a substituent group; and k is an integer of 0 to 5. 

5. An electrode for a battery capable of charge-discharge reaction by insertion-release of protons, characterized by 
comprising the polymer recited in any one of claims 1 to 4 and an electrically conductive carbon material. 

30 6. The electrode for a battery according to claim 5, wherein the electrically conductive carbon material is a fibrous car- 
bon material. 

7. A secondary battery, in which a positive electrode active material and/or a negative electrode active material is a 
material capable of charge-discharge reaction by insertion-release of protons, and an electrolyte exhibits a proton 

35 conductivity, characterized in that the material recited in any one of claims 1 to 4 is used as the negative electrode 
active material. 

8. The secondary battery according to claim 7, wherein the electrolyte is a proton conductive solid and/or a gel elec- 
trolyte. 

40 

9. The secondary battery according to claim 8, wherein the solid and/or gel electrolyte is obtained by hardening a mix- 
ture consisting of a polymerizable compound having a double bond and a proton conductive substance. 

10. The secondary battery according to any one of claims 7 to 9, wherein powder of at least one kind of a non-elec- 
45 tronically conductive material is contained in the electrolyte. 

11 . The secondary battery according to claim 1 0, wherein the powder of at least one kind of the non-electrically con- 
ductive material consists of inorganic fine particles having a primary particle diameter of about 0.001 to about io 
urn 

50 
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